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LHPACLESTION 

The resuite of research in the field of diffusion 
of solid materiale, be@ides giving @ better insight to the 
behavior of solid materiale, lend themeelves to many appli«~ 
cations in the field of metallurgy. Several setallurgicel 
processed which involve diffuelen are: caérburiging in 
whieh carbon diffuses inte the steel, nitriding, sanufecture 
ing of bimetel stripe which depend on adhesion resulting 
from interadiffueion of the two metals, ami tre rate of 
age bardening anc traneforeation of wetale. ay relying wore 
end wore on purely Sclentific work, aetallurgy is becoming 
jess of en art and more of & Bolence, it wae therefore felt 
that Gome edditional work teward the better understanding 
of the behavior ef metals could provide net only a wortny 
contribution to phyties bub could alee be used in the field 
of metallurgy. | 

The techniques developed by Dr, J.W. Seame of 
epplying high centrifugal forees to thin flies deposited 
om Steel rotera evened to be an ideal way to apply @ dipecte 
ional forve to setel samples without the uauel twisting 
moments and force voncentrations encountered in otiwr sethous. 
it wae therefore decided to investigate the effecte of a 
centrifugal fiele on the rete of diffusion of metals. 
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Tne two comaon sethode used ior measuring diffuse 
ion are the “direct” method and the “indirect” method. 

In the “direct” method two subetences ere pleced 
in contect and maintained et a high temperature for a iong 
period of time. The Specimen it then tectionaliged and 
the amount of the constituents ie determined ty chemical 
analysie, 

in the “indirect” esethod & radioactive isotope 
of &@ gubetance is placed in contact with & second material 
andi the concentration of the leotepe in the second material 
is then determined by meane of radiosctive detection. This 
motnod wee firet empleyed by 9, von Keveay, ». Seith ani 
A. Keil.’ A lead ieotope, Thorium B, emitting alpha rays, 
wae used to determine the Self aiffusion of lead in a lead 
Single eryetel; noting the lessening of emissions oe diffue~ 
fon took place. | 

Three possible simple mechanieme for the ciffus. 
ion of the atoms of one metal, 4, through & metallic 
eolid, B, are: 

1) The A atoms may individuelly diffuse through 

the interstices of tue solid, 3; 
2) Tee A atoms may exchange position with tne 
B atoms within the lattice; and 
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3) The A etoms way move into adjacent vacant 
positions in the lattice of the solid, 5. 

in the case of the first sechenios tre activetion 
energy required te move an atom increases greatiy with 
the emallnese of the size of the intersticial sites. 
These sites sre much Sunlier than tre atomic eize for 
metals forming @ubstitutional alleye anc therefore pro~ 
bably oniy metals forming intereticial aileye would lend 
themaelves to thie type of mechsnien, 

The activation energy required for the second 
mechanism would be of the same omer of magnitude at the 
eohebive energy because toe two atoms would be squeezed 
Glowely together by the surrounding atesm of the lattice 
Guring tie ezeonange., The probability of this mechanien 
being reuponsible for diffusion is rather low considering 
the values of the activation energy obteinec from numerous 
data, Seite.” 

The thind aechenies for diffusion assumes thet 
vasent sites, hereafter called vacancies, exiat in tne 
lattice of the material. This bas been the topic of many 
investigations. Theoretical wors in thermodynamics snows 
thet the entropy, would be increased a8 @ result of the 
increased disorder, introduced by tae vacancies in tre 
atructure. 
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Although substitutionel ailays are not expected 
to diffuse by the firet mechaniom, there i@ still the 
problem of determining which mechaniam ie responsible fer 
their diffusion, Zener? hae proposed a combination of 
mechanites, in which more complex geometrical patterns of 
the motions of the atoms could be tie means of diffusion. 

Regardless of tie mechaniem involved, the relative 
displacement of the two kinds ef atome must be known to 
determine the rate of diffusion. A classical example of 
determining che rate of diffusion by meaguring the reletive 
displacement was secomplishes by Smigelskas end Kirkendall." 
They embodied solybdenum wiret at the interface between 
copver and @lipha brave, After suwinteaining the specimen at 
& high temperature for a long period of time, the molyb- 
enum wires were found to have moved inte the wrasse. Thie 
efveat wae ovserved for many other paire of face canter 
Cubic motels, Thies te theught to be an indication thet 
neither the direct exchange mechaniéa nor tag conor theory 
are the chiel proceetes of diffusion in tuese acetals, 

In addition: $o the above described sechenisus, 
the effects upon che rate of diffusion of temperature 
end grein sige suet be conpidered. 

A strong dependency of the rate of diffusion 
upon the temperature applies te both types of diffusion, 
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grein boundary end volumetric. This dependency 18 exe 
pressed by & relation of the form, 0 F Const. «¢ pn ; 
where A ie the gae® sonstent; f, the ebeolute temperature ; 
and 4, the @ctivetion energy which sust be supplies before 
an atom may jump from one position to anctier in the lattice. 
It was shown by W. A. dohngon” that the self 
aiffesion constant for liver Giffered for grein bound- 
ary end volumetric diffusion. This ie in agreement with 
the theory of Cualaere” pared upon the behavior of very 
pure tin in the wieinity of ite melting point. His results 
indiosated thet the melting point of the wateriel in the 
Grein boundaries wee slightay lower than that of the bul 
material, From thete reauite it wae concluded that the 
transition iayer of atoms in the grain boundaries war 
therpmodynamically lees stable than the interior atome of 
the grains. This would be in agreement with the previous 
resarke concerning increases of entropy with incrweated 
vacancy comentration, ; 
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The femiliay laws of Fick for the concentration, 
CG, Of & Solute in & Goivent in terme of bpace time co- 
OPUleatles are: 
J Seve 
and ag ® Dv & 


2 ie the diffusion constent which accounts for 
the grein #ine, type of Giffuelon osourring, and the 
lettice structure of the two media, It is » function of 
the temperature ond the activation energy. J is the 
@iffusion current. 

The use of & collimating 116 iimite the peri- 
phere] length of the cylinder which is seen by the orystel, 
This allows the problems to b¢ reduced to & one dimensional 
one and *ick's equations become: 

38 ad a 

aS 

the following asguaptions are meade: 

41) & unit line instantaneous source of radic- 

active oilver et time sero and at xX & 1.76 x 20°%om,; 

2) mo evaporation at the free surface, K 2 5.26 x 
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3) no diffusion through the boundary at the 

steel reter; and 

4) 2 uniferm force field, # , acts in the positive 

& divection. 

By applying the above agsuwpsions te Picks ene 
Gimensional equations, the foilowing are obtained: 

3 od — $c @ 6 at X BO for all t 


Je =Z We #0 ot xX = 5.26 x 10cm. for ala t, 


ang - 4 D Sp 9 ¢ 2 E 
The solution of these equations is the seme as 
that worked out by Carelow and Jeager’ for the one 48 
sional heat conduction case. Applying the conditions of 
ee ee ee en ee ee 
arama of ¢ in obtained: | 
tye) anc x 107) exp, (oD ~_¢) 
wnere Z,(x) 2 212 ~ Lee a) 


‘tp. x as ETT x 107%) 


and the st Uial'tns denidain dn b cenlon tau 
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fo solve the equation musically, values for 
# ané b have to be ovtained. 7 can be written ae a cone 
etant times the force, were if & trentport function 
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and F 40 the centrifugal force resulting from the rote. 
tion of the rotor, By substituting = 2", (Jeat®), ona 
¥ equal to into 8 Fy Pequale FiPre, mas 
tern becomes 6,1 x 10™°. p ror TS G00 K. The space 


dependent equation reduces to: 
cain) 2 87.2 208m G2 x 10799) win 
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The Giffusien conetant bas veen deseribed by 
Lie Gus tion: } 
BSD, er 
where U ie the setivation energy; T, the absolute temperae 
ture; A, the universal gas constant; and b, & constant 
which varies very slowly with temperature and conteing 
factors pertaining to different setale. The first and 
last quantities are found by Sitting curves to experimental 
Gate. 

work hes keen done by several investigators to 
determine the self diffusion constants of silver by 
elestrocepositing a radioactive silver layer on regular 
eilver. 

Hoffaan and Turnbull” found that the diffusion 
constent for diffusion inte high purity silver at 500" ¢ 
with grain boundaries with « width of 5 x 107%om, was; 
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Day ® 0.03 x @ ~ 22200 con® /see. 

Jonmmon” found the lattice self diffusion cone 
stent for silver to be 
Dy, 3 6,895 0 “heees on@/aes.; 
and the combined diffusion for polycrystalline silver 
in a temperature Pange between 500 and 600 degrees centie 
grade to be | 

DS 2.3 x 10° 9 SBE. emt fone, 

Using thie lest equation at room tempersture, 
B oquale 11.7 x 107" om@/eey which compares favorably 
with 0 equal to 9.6 x 10°°° oe@/uey noted by Barrser.*° 
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The method of using 4 radioactive isotope was 
decides upon So detect tie eoif diffusien of sliver. 
The main advantage of this method over sectionslization 
or chemice@l analyeis wae to aliow the determinetion of 
the rate of diffusion et numerous tine istervals during 
euch run without damaging the file. Two major probless 
had to be considered: tne wotned to be used for depositing 
tae Ciims; god the wmetnod of ooteining deta to ve corveliated 
with the rate of diffusion. | 

Two possibilities presented themselves for dee 
positing the films: electrodeposition ani evaporation. 

in evaporation techaique would have required a 
sarge bell jer containing not only the test roter and 
the evaporation ¢quipment out aiso & mechaniom ior rotete 
ing the retor during the evaporation te ingure even thick 
nesses of the deposited layers, aithough thie technique 
it readily adaptable for noneradicactive meteriais, it is 
not practical for use with radioactive materiale beceuse 
the amounts of toe radioactive isetepe depesited on the 
surfece of the bell jer and mechaniume resulta in a weste~ 
sui usage of the leotope, and even nore laportant presents 
am exceseive raciation hesarc te tue worker walle clesening, 
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decontaminating, and dieposing of the radiosctive wsstes. 
HeGkuse GlecSradepoultion would preéent auch 
less of & rediation hazard and would be much sore economical 
at the same tine, it wes decided to investigate thie process 
four obtaining the desired silus, 
in the early trials of eleotropleted rotors the 
filme were thrown from the rotors at various speeds, the 
initiel provedure adopted for she electrodepositicn of 
fiims on the rotors was to: 
« 4) pelieh the rotor with single ought metallurgical 
polishing paper; 
2) wash the roter is acetone and rinse with 
dietilles wetter; 
3) wash the voter in bot detergent and rinse 
wits distilied water; 
4%} deposit @ thin layer of copper by chemical 
Geposition for @ period of three seconds in an 
Acid Copper Plating Selution,** (mis solution 
was prepared by dileting 3.5 grema of oopper 
Sulphate orystels and 6,0 mi. oF concentrated 
Sulphuric seid to « final volume of 100 mi.); 
$) eleoctroplate an initial noneradioastive 
Siiver film frou &@ Bilver strike eolution,** 
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(Tnis solution was prepared by dissolving 509 
miliigrame of sliver cyanide and 37.5 grams of 
sodium cyanide in 500 mi. of distilled water, ); 
6) electropiate the bottom and cylindrical eure 
fave of the rotor with a fiim of radioactive 
Silver, ordinary siiver enricied with silver??? 
from @ @livers cyanide plating eclution prepared 
by Gissolving 30.4 graue of radioactive siiver 
cyanide, 41.1 grome of potassium cyanide, and 
44,6 grease of potassium carbonate per liter of 
solution; 
7) and elestroplate tne final conting of none 
rediosctive silver over the entire rotor from 
the plating solution deseribed in $) above. 
fhe thickness of the films wae deteruined from the 
following equation which wes derived from varaday's Law; 


ts =8. 6 


where T is the thickness of the film is om.; M, the sole. 
cular weight of silver; a, the current in ailliamperee; 
F, the Fereday constant; © , wensity of silver; 4, tne 
area to be plated; ard t, tie pleating time in seconds, 
The current density was maintained sonatant at 6.62 wa/ou” 


for thie experiment amd the plating tines wore varied to 


fi ths 


Re ony CUE ae nage ma ke Re mame 
| i snatow vesiivasa Wo im OOe uz eahenye mtbow 
aus Kaetubatiqn bea mottod wit osehybadesie (b- 
— PeROkEES 2O whl. & Mabe Meow Wd Te BOR ho! 
| tanec ettoion woisna eines wavkte © me ig 2,18 i 
Bi, Woke srisevoiam: wo ony 6.08 gmaviewatD yt | 
rf Loo ondenge eutncaaey te (onan eB etme + ee ey 


« 13 « 


give the various layer thicknesées, Tne tnicknese of 

the initial leyer wae 6,92 x 10° in.; the redtoastive 
layer, 4.56 x io°8 inej anG outer layer, or overlay, 

1.38 x 10° in, Microscopic exemination revealed thet 

the Siime prepared from these Solutions were polycryetaliine 
with &@ grein glee iesse tien om micron, 

The relative sovement of the radioactive isotope 
through the ordinary @iiver layers wee determined by 
counting the «Fay emiesion with & @clntiliation erystei, 
energy diseriminetor and counting device, deseribed under 
“yeseription of Apparatus.” A slight end very broad peek 
appeared at the Gems place in the energy spectrum of the 
emissions from seversl samples. By incorporating ® collie 
mating @11t and a very thin siueinum reflector, tuis peak 
wae narrowed conpiderubly. A typical energy spectrum ote 
teined with the ooliimating 6iit is enown in Figure I. 

it wae found thet various thickneseee of the ovem 
ley lowered the counting rate at eech point on the energy 
curve but did not produce any detectable anift of the peak 
of the curve towards higher or lower energies. A eet of 
Chese curves if shows in Figure @, From these resulte, 
the paraseter chosen for the Geteraination was tie aeaturee 
ment of the number of counts in a wice energy band chowen, 
80 a8 to include the poak of tne energy curve, This energy 
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band renged Setwoen two points where the nuaber of 
counts were tie game and tne Bliopes were approximately 
equal ani of opposite sign. This compensated for small 
ehifte of the energy spectrum caused by voltage and heat 
fluctuations in the counting equipwent. Aefering to 
Pigure 1, thie bend ranged from 10.0 to 17.5 volte (Pulse- 
Height Anelyszer settings). 

fo obtein tne relation between the counting rate 
and thicknese of overlay, eight rotors were plated with 
the radiosetive isotope. The energy Gpevtrup and @ total 
sount of the above defined energy bermi of each were taken, 
The rotors were then plated with overleye of various 
thicknesses and the spectra and total counts of tue band 
were again taken, Tie peaks of tie spectra, both before 
and after the overlay, of all roters were found te lie at 
the game energy powition. One of the rotors wer chosen 
O86 @ Standard end the ratics of the initial number ef 
sounte of the others rotors to the initial nueber of counte 
of thie etandearc rotor were subsequestiy used to compen 
sate for Gifferences in the amount ef radioactive siiver 
depositec on each rotor, ‘the results of thie investiga. 
tion showed tuat & curve of the logeritha of tie number 
of counts versus tne thickness of the overlay turned out 
to be 6 straight line, af iliuetreted in Figure 3. 
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A contre, rotor wae prepored by depositing a 
iayer of radioactive silver on it. Thie wes saintained 
at room temperature and counted each time a test roter 
wae counted, ‘The actual suaber of counts of the teat 
Poter were tien adjueted by the ratio of the actual 
number of counts of the control rotor at thle tise to ite 
initiel value at the beginning of the run. Pris COMpetie 
seated for the decrease of the counting rate with tise 
resulting from radioactive decey in the test filas during 
lemg runs, This proceedure further compensated for drift 
in the counting equipment tat aay Dave taken place during 
the run, : 

Thue the following procedure fom detecting 1 
@hiftt in the position of tne radioactive isotope waa 
adopted, The filme were plated on the test reoter, tie 
number of counte in the energy band were totaled, and the 
mumber of counts in the energy bend of the control rotor 
were totaled. Then the text rotor was placed in the centri- 
fuge end brought te the desired epecd and temperature, 
At appropriate time intervals the rotor was stopped, req 
moved from the centrifuge, ite energy band count taken end 
@ parallel count of the control rotor was Gaxen, The teat 
roter was then replaced in the centrifuge, ani returned to 
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the desired speed and temperature. after adjusting the 
number of counte of the test rotor, a8 mentioned above, 
the persent change in counting rete of emissions from tne 
teet roter with respect to its counting rete et the 
beginning of the run was computed, 

A Tun wae conducted as follows with the rotet~ 
ional velooity of tne spinning portions et 10,000 revelue 
tions per eecond, The roter was eountec at four nour 
intervals throughout thie run. For the first twenty-four 
hours, with the roter epinning, the counting rate decreased, 
Sinee 1 wae expected that the counting rate would increase, 
the centrifugal force increasing the rate of diffusion to- 
wards the periphery, instead of Gecreasing, the reter was 
Suspended in the centrifuge at tne same temperature without 
Spinning for 4 period of eight hours. A rise in the coun 
ing rate wae noted. The rotor was then spun fer a period 
of eight hours end 6 decrease in the counting rate was 
noted, Then the retor wae suspended, without spinning, for 
@ period of twenty houre and the counting rate increased 
again, This is illuetreoted in Pigure 4. A paraliel run 
under Similar conditions produced the came effects. 

Several rune were made with the rotor suspended 
at temperature without epinning, for seventy-two hours and 
the counting rate exhibitec 4 alight increare throughout 
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the runs, Since there wae < change from an inereasing 
eounting rate at zero rotational velocity to e decreasing 
counting rate at 10,600 revolutions per sesend, the change 
in counting rate with time for rotational velocities of 
2,000; %,0003 6,000; and 6,000 revolutions per second wae 
investigated. These rune lasted for periods of seventy~ 
two hours, with the reter being counted at twelve hour 
intervals, ‘The resulte of these rune are shown in Figure 
De 

In omer te determine whether any of these effecte 
were the result of plastic flow of the materiel plated on 
the cone and the bottom of the reGor, o aethai was develope 
ea for plating only the cylindrical surface of tw rotor. 
This was accomplished by machining 6 drilled bolder of 
soft eteel whieh fitted the cone of the rotor, and & plate 
undercut and fitted ageinet the bottem of the rotor, The 
two items were of the Game outside radius as that of the 
rotor and were coated with polystyrene to prevent siiver 
from plating om them, The three parte of the aseembly 
were held together by the magnet which elec held the 
assembly to the stirring aoter in the plating bath. 

In addition to ilmiting the silver plating te 
the cylindrical gurfece of the rotor, thie aethed of pleting 
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aleo produced & more uniform layer of deposited silver 
an thet no sharp cornert were now present and therefore 
the edges of the cylinder were no longer pointe of high 
ourrent denaity, 
it was discovered at thie point that the copper 
plate could be omitted and bereefter it war net used, 
The regulte of another set of runs made et 0; 
2,000; 4&,000; 6,000; and 6,600 revolutions per second 
waing thie latter plating technique are shown in Figure 6. 
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The apparatus weed in thie experiment can be 
subdivided into time groups: 

1) the plating apparetue for electrodepositing 

the silver layers on the rotors, 

2) the witewoentrifuge used to apply large 

eentrifugel forces os the Gest rotors, and 

3) the apparatus used to deteot and count the 

redioactive omissions froa tie test retors, 


Plating Apparetus 

A water bath kept at constant temperature by a 
mercury thermoswiteh controlled nichreme heating eleaent 
maintained the plating solution at the proper plating 
temperature. the framework holding the plating solution 
beaker in tne temperature bath wae cesigned to allow 
rapid removal of the beaker and insertion of the radloe 
active plating solutions container, A eix revolution per 
minute moter was provided to rotate the test reter in the 
plating solution to insure unifora thicknesses of the 
@iiver films, 

The radioactive plating solution wes enclosed 
in @ thick brass container te lessen the amount of rediation 
exposure, to pergonnel, A platinum anode was employed to 
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reduce to a #iniaum the variations in the ratio of 
radiosetive eilver to noneradicactive silver in the 
solution, During storage, 4 tight fitting braua cap over 
the solution container kept the evaporation of the solu} 
tion toaminiwum, The cirwuitry of the plating apperatus 
48 shown in Pigure 7. _ 
Zhe Centrifuge 

This experiaent aade use of the magnetic gute 
pension, magnetic driven ultre-centrifuge constructed 
by 0.8, nerris.?> figure G@ shows an overall view of 
the centrifuge and releted equipment. 

fhe support system consists ef 2 large solenoid. 
mounted above the rotor and, mounted veneath the roter, 
@ soil in the grid tenk of © tunedagridetunedaplate 
opaillater whose output controls the current flowing 
through the solenoid, As the rotor changes vertical 
position, the industion in the grid tank eoil is varied, 
detuning the oscillator, This resulte in an oscilleter 
output signal whieh is a function of roter height. A 
derivative cireult was employed to minimize overshoot and 
to increase vertical stability. ‘The bias on the derivative 
amplifier, V~103, was ineressed from 1.5 volts DC to 4.5 
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volte OC, This inereased the stability to such an 
extent that the centrifuge could be left operating un- 
attended for periods of twelve houre. The suport 
Gireuit and Support power supply clhroult are shown in 
Pigures 9 and 10. 

lierizental damping wae accomplished by supe 
pending @ eteel core in the center of the support sole. 
nold by menne of fine hypoderaic tubing. The ond of 
the core wat immerded in oi) to provice ® meene of abe 
Sorbing the energy of the horizontal oceclilations, 

fhe drive circuit contisted of a phase shitt 
eecillator feeding « signal inte @ phase eplitting net~ 
work, Three signals, eash one hundred twenty degrees 
out of phase with each other, were then eaplified and 
then applied to three puire of drive soile,-. The eddy 
currents induced in the yoter caused the roter to accole- 
rete ond try to cateh up with the rotating field, The 
emount of acceleration wae controlled by varying the 
euplitude of the output sine wave of the osclilatar which 
ouciliated st a fixed frequency of 95.4 kileeycles, The 
oireuit disgres for the oecillater t# shown in Pigure 11. 
The phase splitting circuit wee changed to provice 
seperate control for the cathodes of tie power amplifiers. 
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Better control of the inpute to the separate drive coils 
Pairs was obtained, providing a better ed juetment for 
balancing the Grive field. A sonventionsl 300 volt bc 
regulated power gupyly with an output of 400 milliamperes 
at one percent regulation wae used, The phase splitting 
and drive power supply cireuite are show in Figures 12 
and 23, 

The evagunted chasher, situated between the eix 
drive coils, contained «a tungeten ool) used te raise and 
maintain the temperature of tie roter by radiation heating. 
A method of mounting tie tungsten heeting coi) in the 
test chamber was devised in order that the heating coll 
would be ebie te absorh shock if 10 were struck by @ 
spinning rotor, This prevented breakage of the spot-welded 
joints of the tungeten iesds, 

The temperature of the rotar wee determined by 
using @ Rubicon potentianeter to meagure tie temperature 
of @ Similar rotor mounted on an irenssonstantan thermo. 
souple within the veeum syetem, This roter wae heated by 
& Similar tungeten coil eonnected in series with the one 
in the test chamber, This temperature wae corrected for 
heat conduction along the theragcouple and for radiation 
from the collie surrounding the test chamber, 
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A light beem fves & 5.0. source entered tne 
chamber through the center of one of the drive coils, 
was reflected off tne rotor through the center of another 
a@rive soil te a photetube, The euplituce pattern from 
the pustetube wast beat against & known pul@e on an cacilloe 
scope to cGetersine the rotational velecity ef the reter. 

A @onventionsl vacuum system consisting of a 
mechanical fore pump, Gryer containing phospheras pentoxide 
enyatale, o11 diffusion pump, fore presaure trermoccupie 
geuge ond @ high vacuam ionization gauge wes used. Vacuums 
of the order of 1 x 10°° am of sercury were obtained, The 
eyetez alse incorporated « high vaowm step cosk, ground 
@iaee joint, and en air predrying iniet system wnich allow 
@d vewovel and replacement of tur rotor with & alniaum lose 
ef time for the pumps to obtain the operating vacuwa level, 

A diagram conteining the dimensions of the test 
retor is ghows in Figure 14, it consisted of « truncated 
Gone machined on tope of & cylinder. froper ad justeent 
of the equipment proved thet this configuretion had very 
etable support sherasteristice in the magnetic fiels used 
for auspeneion, Two such rotors were machined frem e@ rod 
of tool steel, each being attached te @ short mandrel by 
& tapered spruc, thie faciliteted polishing the cylinder 
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and cone, The baves wore polished after breaking 

the voters loose from the aandrel and sounting them in e 
Grill preas by aeons of a Teflon collet, There was no 

need for beat treating the rotors as the velocities and 
temperatures at whieh tue experinent was perforaed were 
well below the burgting speed of tue rotors. 


The veteeray counting apparatus, shown in Pigure 
15 and schematically in Figure 146, consisted of the 
following: 

i) Aight tight voupartment housing the rotor, 

atilbene esinbiliation erystal anid photomultiplier 

_ tube; 

2) Liner amplifier; 

3) pulse height analyzer; 
4} wonler; 

5) timer, 

Che veter wos held in position within the light 
tight compartment on a spring loaded plate which held 
the roter cone in the cap and shielded the radiation 
from the base of the cylinder, See Pagure 17. 
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Aster mush experimenting 1t was found to be 
@lmoset impostivie to powition the rover so that tue 
identical eres wes presented to the crystal each time 
the eubeuions were sounted, Both the bottom plate and 
Soniees Gap Shafts were mounted in bearings and a one 
revolution per minute motor was counected to the conieal 
cap shaft to rotate the rotor. Ynis motor operated auto. 
matvicaliy when the “count” awiteh on the scaler was one 
gaged. Counting periods lasted for two minutes widch allows 
@4 the rotor to Le turned throug) two complete revolutions, 
A Oneequarter inch thick lead euield, mounted betwen 
the rotor and the stilbene eryetal aad containing « 
sOliimating #iit with dimensions of the height of the 
goter syiinder aad wicta of one tenth the rotor dlameter, 
dimited the apoe of the oylinder even by the solntiliation 
ary@tei. 

& thin atilpene ergetal was selested for tie 
aviabiliation exyetel secause of ite relative insensitivee 
ness to gamua radiation, A thicknes® of one-half millimeter 
was selected to provide an escape peak for the 0.535 KEV 
electrons which have a renge of 0.86 millimeters in stilbene. 
A twenty-five hundped thousendth of an inch aluminum fo11 
mounted between the lead shield ana tae crystal served both 
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to absord 0.030 MEY of the energy of the betecrays*” 
striking the crystal end to reflect the photons emitted 

in the orystel back to the photomultiplier tube, The oute 
put of the reguietec negative power supply anown in 
Pigure 18 was lowered from «1050 volte 0.0, to -960 volte 
Deo. by lowering the potential difference between adjacent 
dynedes to eighty volts, By opersting tie Dulont Geyi 
photcsultiplier tube at thie lower value rather than near 
the soximum 2100 volte 0.0., @ very low noise to signal 
ratio re@ulted ami the linear ezplifier wes adjusted to 
give wexiaum emplification without being overdriven. 

A eathode follower was used to aateh the high impedence 
of the photomultiplier tube to the low capacity coaxial 
eable carrying the signals to the linear amplifier, 

The regulated negative power supply wae rebuilt 
to incorporate advantages found by Dr. 6. A, Harris doing 
experimental work st Klectronies Aesearch, University of 
Virginia, This sonsieted of replacing the original resistor 
voltage divider network by one consisting of resistors 
end WE @ voltage regulator tubes to provide @ more constant 
potential difference between the dynodes of the photo. 
multiplier tube while the load ie chenging, See Figure 19. 
Tals resulted in ® still lower noise to @ignsi ratio while 
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tie potential Gifference between dynodee was raised te 
129 volte, The amplification required from the linear 
amplifier was thereby decreased. ‘his seemed to lower 
the drift of the equipeent and the date wae sore consistent. 

A linear amplifier was constructed accomiing to 
the schematic diagres Figure 20, The smplifier section of 
the Atomic Instrument Company's Model 24000 Linear Amplifier 
wee utilized in cenjunction wita «© wedium veltage stebilized 
power suppiy,*° having an output of plus 300 volte 2.C. 
ané 150 wliliemperes avaiiebie for plate currents, « Thie 
proved to be 4 very Stable combination with low ras ripple 
voltege, The bottom of the chassis weet enclosed and 4 
blower, rated at 50 cubic feet of air per minute, was 
mounted on the chassis, This forced air ower o two hundred 
watt heating element peet internal baffles tareugh the 
amplifier section, A theracstet, cutting on at 109 degrees 
end off at 110 degrees Yahrenseit mounted in the air 
stream under the saplifier section and connected in series 
with the beating elesent, provided a sere ever temperature 
of the emplifier components, thereby stabilising the 
emplifier gain. 

An Atomic Instrument Company Model 510 Pulae 
eight Analyser wes used to select the energy renge desired, 
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The number of pulses received from the analyzer was 
registered on an Atomic Inetrusent company Model 16304 
Binary Sealer, 

The time interval for the counting period was 
determined by noting the number of seconds and tenths of 
eeconmis registered om a frecision Sclentific Company 
"Pimeolt” tiner, The timer operated whenever the “count” 
@witeh on the scaler was engaged. 
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A graphical representetion of the results is 
ahown in Figure 21, where the distance soved of tie 
average radioactive perticle is plotted against the 
applied force in dynes. The time 16 senstant slong 
eaoh curve. 

The distance soved by an averages redicective 
particle was computed by applying tne change ia counting 
fate to the ourve of Pigure 5. A Gemple caleulation is 
Shown im Appenmlix Li, : 

Aw the force increases, the average distance 
moved increates to & BEXimum anc then decreases, The 
SAtimum average distance moved oocurmed between applied 
forces of from 14 x 10! te a2 x 10! aynes, This ie tne 
range of forces 4: whieh the file with no adhesion 
were tarawn from the rotor, Ghie iv aleo in egreesent 
with tensile strength experiments performed in this lavorse 
tery by ¥. L. Bart. 

The meaxion of the curve® obtelned from the 
roters plates by the first method were in ell cates 
nigher than thoes obteined from reters platec by the 
town method, 
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Resuite such et the above are not evidertly 
justifiable from the consideration of the time-independ- 
ent part of the solution for the concentration of the 
@iffueing medium. It ie shown in the sample calculations 
thet at @ apes of 6,060 revolubione per second, the 
effect of the epplied centrifugel forve would alter tite 
olution in tue order of 10°", enking the direct effect 
of the force negligibie. 

The time-dependent part ef the Solution of the 
concentration of the diffusing medium, contains the 
Gdiffueion constant as & paraseter, Ae baet been previourly 
pointed out, tre diffusion conetant depends upon the grain 
atrusture. Tnerefore, tie above effecte sould indicete 
that the diffusion sonetent varied with the appliec force. 
it is believed that cold work and reorystallization resulte 
ing from the Gtree@es introduced by the applied scentrifugei 
force causes rearrangesent in the Gixe and position of the 
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grain boundaries, Thie sould decrease the rate of diffusion. 


o OF « 


—— Bnebive don #he BHEdE tes GH dowd Mi LeMmgf 
<bangeiainwatt Md Yo woidael tance gms mond Okan LLsent 
Mt to HOLtIAuMEAON Bid GOT HtulOn eAo YO wey au 
angliaivolon eiqawe ont af main oe 92 ie Roos yok a 
Aad .havoee og MMOtEKovre GO2,D IO heegn @ da dacs 
Wass WOILD LEVON WHI LoywLELEDse vOLigah oa Lo FaVERE 
Hee owes 9 gutsiom 4!°04 90 seine oma, at mandates 


rokdiehignn eowek. ae Ye 


Pee OMe. seomenen 4 40 tnapncen oo:ninnte 


ay 


BS Be bi aie. teens wines 
| Retem mie wae y POLS stl bat 
*; andy 


tpn awe 
Ave 


KEN 


a, oe Set eneren ree 8 


- y : be i Kah? 4 
eM Fe: - { Wea eh erat her ae us nN ¥ 
his t ; 4 x UTD Figg ap Tien: Way J 4 
R WA ? i # “ my) fe 
‘ u aif ts i: é 
‘ ‘ 
‘ a 
Rie a} 
ee 
) aa ( 
fy ; 
¢ By ia’ A 
if % es ‘a 
' ie) 


The auther wishes to thank br, J,¥, Seams for 
tie patience and inspiration imparted during the conduc. 
tion of thie experiment. The author le indebted to ¢.#, 
Hulbert for the help rendered in unserambling the electron 
and current flow in the verious cirsuite; to Du, Sinsel, 
Bis coeworker, for the numerous suggeations and tedious 
work he imparted to thie experiaent; end to the author's 
family whe 6till reside with hia, The opportunity to 
pursue this field of studies provided by the U.S, 
aval Post«graduate school and the Office of Naval 
Research ia greatly eppreciated. 


OT tah 8% cad aiedt od vetoae wenden eune’ 
qoute ac? galcad Koti. noLeMUaQEms Lum sommbteg aud 
‘SH.0 ad tubaotind ba Westtun ext itoomenngee bhue do dode 
NOLES wilt puLidumuM HL biniainek Glad ede awh cumedult 
 enats Ail.d oF jadtuerte Boarier out at 860) tmomeKy bee 
Sithod Lan son iteungue ewerroonu wee dor stawioens elit 
OMNI Mt OF Aw pdawmtsoqme hie OF Leroayel ai Yaw 
i ieadeethsieaesintehertastdiadeorskccede 


? &y te 
Gia TSG, Ce Ren 


Pe Ree | Roh’ x : aN Rar oi Nie Mu 7 oe ee Wee.’ grap 
sind FS AMS, ipandky A i RT Re ena teh | thea 
Rea Ma ies _ cane FY tts bee yh 4s oe re gt 

" we My heed 0 Boy hs ae a Soy hee ea eR) ie 


WERE Bh PA yh, be: ee hui! eat a TT me Cee 


de 
a. 


3e 
4, 


Se 
6. 
Fe 
5. 
Go 
1G. 


il, 
i, 
43s 


14, 
ASe 


+» 32 « 
SISLLOOA) FAY 
@. Yon teen). Setth, end A, Keil, Zs Phyeik, Ty 


Be Seite, ent Theory of Solids,” MeGraw-tiii 
Company, TING oy Mew York, fable LEVI, ase, tapho). 


C. Zener, Oryst. sote, Fo 346 11950), 


A. Be Swigelekas and £.O. & 
Mines Make SMe» LT, 13095, ee 


be Enges AML, 

PROS» BOVEA OOC ey ALIS. 406 12942). 

He comely opt 2, sateen, © onéastion of Heat in 
arya Cavord aversity Prose, London, 297%, 


o&, Hoffean and b, Turnbull, 
Rone Bets), 638e9. i951). 


R. M, Barvier, “biffusion in and 
Cambridge University fress, 302, ses, 
“Plating and Piniehing Guidebook, * S708, (2942). 
"Hetele Hamdvook,” 2107, (1948). 
Or, Harette Deere » “The Rffects of High centri- 
fuge) Yields on the rete of Diffusion of Hetalite 
Atome,” Univ, of Virginia, (1954). 
L, Kate and A, Penfold, RMP, 2, (1952). 


i. KAgore and # Soatee "Sieetronics, Nations Suc 
Energy Series,” McGrawellill Bock Co., 3723, (2 


iG) 


BE MSSAL clk cKAOR oA daw yddtat ,i ) cf 
a vais of * / ‘eae 8 wf 


! ex ‘oP 
did htn o 
’ Diced of, 9@ 


= 33 = 


YOLOY G3LV1d V SO WNYLO3dS ADYSANZ WOldAL 


SLIOA ‘VHd - AD Y3N3 
002 


O'g| O0'0! 


= en 
>. 


000‘'S 


ee 


009"z 


a 
- 
att | S s, 
= o 
7, 


: foo) 
0 000‘O! 
| ‘$93S OZ] 
| SLNNOO 
000°02 
jedeael 


000‘'Or 


Coed 


YSATIS JAILOV OIGVY-NON SO AVIYNSAO SO 103443 


SLIOA ‘WHd - ADSYANZ 
O's! o'o! 


(401 x @£1) 
AVYSAO HLIM 


oog‘z 


000'O! 
‘$93S Odi 


—_—_—_ 


SLNNOOD 


000‘0Z 


AVIYSAO YANTIS AG NOILdYOSEV ADY3ANG 


S3HONI "MU VARAAQ BMAAWUS 
p-OlXBE1 »y.OlX£O1 ¢.01K069 ¢.olxsre 0°0 


000 ‘oe 


000‘0% 


000‘OS 


o00‘OL 


oo0o‘oo! 


'S93S O72! 
SLNNOOD 


000‘002 


000‘00€ 


v 


SUNT 


AWIL SA 3LVY ONILNNOOD NI SONVHO LN30X3d 


9 000¢E ‘dW3l 
IV HONOYHL OV 


Sd¥ 000'O! LY NNds ‘SUH = SWIL 
09 0s 9¢ 


AWIL SA JLVYONILNNOOD NI SONVHO LN3SOY3d 


9000¢€ dNW3L 
QV HONOYHL o,9V 


‘SYH - SWIL 


9¢€ 


$d¥ 0008 


Sd¥ 0002 


=——— 
Sd¥ 000% 


— 
Sd¥ 0009 


—— — 


aunold 


SJWIL SA 3LVY ONILNNOO NI SONVHO LN30Y3d 


9.00¢ dWal 
DV HONOYHL 5, 9V 


ANNO YS3ONITAD NO G3LV1d OV “SYH -— SWIL 
09 gc 


| i" 


eS 


| Sd¥ 0008 


Sd¥ O00 


el Cee 


| 
Sd¥ 0009 


| = = T = aaa Ss 


—T 
‘ 


@ === p< 


soarp Sev 2%7a/ SL 


y 00) 
3ugueo/ 
. 
a) n# 


LINDHAD INILWTAS 


re 


» 
py OL 
qe) »# Ag 


ri 
o——_ yryime by oe 


ro 


9 t 
~e OOo 
‘S) 


aw ohwe 
AY 0O/ 
402° Ww bu1sa13t M4 


veau spumey é ‘ 


r 


LINDHD INILW Tes 


ae” ¥ 00/ suid 
402°0pw burss130 o 


voau snerely ¢ ) 


~- 40 ~ 


§ SUASIA - AONATUINAOVULIN BNL 


eh Cala ~ 


Lee « 


RTS. 


402-2 


>> 


AHNATA 


AwOAVEORV) TwoItAny Brney = 90 A0ot- 
AlddNS waMog sind) swoadng 


I; = 
SZE 
A009 - + 


=~ 
: 
i) 5 
Evz zi2z-A 82-5 D1N 


x 
6 mW 5-02 
x 
ve VZO/E-NY 02-5 
zoz-r 
away 1-08 
v- 20/6 NY 


DUA 009 -+ 
wii g0'0 
SSeS 
‘020A 00S + am: 
ES ae aS 
Ses Se ee, eee) 
0o/ oo! oo/ 

Z “ “4 

See a aw ine as 92 A000! DUAooOI 
; : ¢ 

S| esas S| snag 940 

#08-A COz-A ze2-A 


1g-§ JL €-S 94N 


ASOLVHOEVT WWIGAHY SENOY ‘90 A 006- 


or waundtls 


LINDHID LYOdINS F9NIYLNID 
401-7 Ms MOO 


mivg womuz 


M00! 
ov 
evs 499 syvse syv9 
S0l-A HOl-A_, S0l-A ZOI-A ang tae, 
7 
8| 978 SO0I-A ‘int 
== Z 
9 
2¥0D eNiaweg —rel € ae 
Ae 498 #0/-A |S" 
Mos I 
07, 527+ 00.6% 07.) 
SMY0&,-L009'02 
N09 su0ednS 
g$-02 
V-ZOlIE-Nuv 2 1WRy 
80/-r 
A 
"90 A OO0E+ 
‘97 A 20S + 
Peiey 
$00 . 
M2 Lz 000 AWW O4! 
Daas a = 
NIVO wOwWZ 42,1915 2 a? ae 
wae M} Lh tte Le JIN ONI 
NIVW@ aAliwaa 
j ; . : aac a la ih nosz-9n 
* VI0I-A ie 
na. 7 . ) me = 100 am == lol-r 
: Pee 
| i n/#2-en 
x 1Okd 
waaay ‘OU JINWCh 9-05-28 JN JW Fea ‘ 
waxy (1) 1 ; Nes- 94 
coi-r : = HW S$ y! 
MI- "00! Ua “Seer 
| EMV 46, 
162-¢d, 
t-r uo punom 
moung 
A rea) 18d 


A OO€ + 


AlddNS Y3MO0d ONY HYOLVINISO LAIHS 3SVWHd +SE 


LIND ID 
BAIYC OL LNALNO 


gi 06-0 GOR gh bth 


shh btn 


AMOLVUORY] WIFAHY SENOY "7 


~ Ze WEST BYND] cinowg anwg aevng aauny sgnandawy atevin, 
away 
4-6! = 
v Z0l€-N¥ 
oe soc-7 


Tees WEA m2 oor 


JW ng MEME : 


40a 


zo8-A | 
! | 
WW— 
Miws . AWW UE 
ME S42 


OOS mk wOLk 
mEvew 


DUAOCOE+ 


4920S 


ZOE -¢ 


¢ T WYANT Awe.vweev] womany troy 
AWEdNS BIMOG LINDNID JING 


OLS 
n-8 


WL 10-4 


JDVAOH 


aw 
S-02 
v zole NV 
lo#-0 her 
vvAc'e/sz 
—— 
198-91N 
x 
vs 
owAc’s 
x 
LY) A 
~ vz o 
i = 
vvaes 2 
A 
g Szs 
' 2 : f : a 
A x 
A eed 2 ee id 
x 000! A ogo! 
ro 9 9 Cr) rs 
z z z Z 3 Li 
+] Z 8 z 9 2 
A a Se ie uae eee 
: | ; é | 1 ee 
OOOO d 
onao osg9 0490 9209 9409 ones Au Oz A9haS Aobes A-9nug 
GOn-A @04-A LO#-A 904A SOn-A hOw-A a6-$-94N CO#-A ZOh-A 10 tA 
ve 
AS 
€a-S- 940 


SNOISNSWIG YOLOY 


SYSLAWILNSD NI SNOISNANIDC 17V 


~ 


Bier a 
| 
pa 

}— 


- 46 - 


one . + —a ae - ae 


o 47 « 


Gt HUNDIA - INGWAINOA NOLLOMLAT AVUWViAE 


rr 


9T aWundld 
SAVu-O 40S) LN3WdINDA NOILOS1L30 GNV NOILVYWVd3ud YOLOY 


WOIHL ,§ 20000 


wa1vos MOIHL WNS'O 11043 WANIWNIV 
TWLAND 3N3ETILS > 


SUIGEOETE!) aa 
Sti ~ sereear 


33 


ue 
$3 
N 
& 
a 
NG 
s 
ue 
Ni 
es 
yy 
J 
& 
v 
Ne 
8 
e 


YASATVNY YAISIIGNY 
LHOISH 
3S 1nd YV3INIT 


4 y-O1 X8E'I 
9-01 X8S'b 
. g-0l X26'9 


8T wanodld 


sues Ny 
Ss 8-3N- 92 
OIL 2 20L-A 


D0 A0S6/- 


LINDHID ATAING VIMO ONV IGNLOLOHY YFLNNOD WOILVITILNIDS 


avania 
Qi ingsng 


ensitary 
aveniy 1 
ony tenor 


erg 4IVW 
A 


AwOavucev? WoIssny Senoy 


VUAOOE 100 


aery | aviwva 


saniesony 
OL 89079 


SENOp aT 


1629-44eW"d 


awWW sno 
Uv Aol 


AUCLVEOEV] TWWRIPAHY SeNnOY 


LINDSIDQ ATddNG YWIMO ONV IONLOLOHY YILNNOD NOILVITILNIDS 


6T aduynold 


wvaniy 
Q4 inging 


engitany 
eveniy a 
ny senor 


16Z0-44W"d 


saniesony 
OL 9947g 
S3Nop awh 


erg sw 


sm L040KYy 
04 taTW AIO Ry 
sano away 


Sy 3-3N - 67 
O71 4 20L-A 
awW sna 


Dv AOU 


amy | ovrem 


BO(OF N11 440 
AVL SOwmaHy, 
TW4anig 


LY 


wamortey 
200 iv OL 


y ‘avng 


en lavay 


We87 


4 


MO! WO! 


AWesvveav] Wilting sehey 


OZ GuHNdld 


SLINIWID ONILVIH INV “AIdENG WIMOY ‘SUIIAITENY YVINIT 


IWAGH 


21000, 


WW 002 
00h -0-004 


W290 wImorg 


si ~0S 
.@ 
“/1+vO0S 
O 
t 
%I~o00/ 
L 
£1008 
NIvVg ~~ |! 
seuvog O im ar’ 90/ 
Zl 004 20) 


2/ ~008 € she hb oLh 
= 
© O Oo} 
s ANVLENOD a’r*ryool 


amy Anen] 


Io wunold 


39404 GAllddV SA JONVLSIG ASVYSAV 


I QOHLIW SONILV Id IJ GOHLIW ONILVId 


(S3NAG 20!) ga39u04 (S3NAG ,01) 39404 
ok 4 se} 


Ov 
(wo g-0!) 
JONVISIC 

O'S 


— o 
APPENDIX I 


Date for Typical Test Run. 
Rotor velocity - 6,000 revolutions per second 
Rotor temperature - 300 begrees Centigrade 
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Rotor #21. Plated by the firet method 
| | | : | 


Rotor #26, Plated py the second method 
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0 | 

12 | 28,954 24, 226 25,760 | 4.2 
2h =| 28,365 ah, 466 26,190 | 6.2 
36 | 28, 09% | 24,723 26,730 | 6.8 
48 28,083, 783 sco || 8s 
60 | 29,531 26,195 26,920 | 93 
2 29,613 258% 26 | 
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kL. Correstion for temperature dizverence between test 
roter and rotor mounted on the thermocouple. 
A. Temperature difference a8 the result of seat 
conduction through thermocouple lesan: 
Ga/as = ok (96/ax) 
ae = ig2° 
ax = 7 om. 
A = (o.0375)* 
Kk = Xipon? “gonstanten 2 0.20 $ 0.054 * 0.254 
(d4/st) lows * ~(0.25%) (7) (0.0375)*(192/7) 8 
«3.06 x 10°78 ga1/eeo, 
Radietion with walle: 
a/at * Ao * (ag ~6*) 
© & paa®e, = agg x, 
yy 2 90° c, 2 323° K, 
A © 6.9738 on 
* O.AG (Stee) } 
 @ $66 2 10°? erge/en®aog*sec 
(4G/at walle ® (0.9738) (0.80) (8.66 x 10°) 
(a0g x 10° ~ 606 x 104) 
2 «1,062,000 erge/eec 
= 22.58 x 10° gai/seo 
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« Sf 
(aG/a8) = (46/8t)po09 + (OG/80) warne 


® « 3.06 x 10 ~ a.58 x 1078 = 25.68 x 107% 


Thevefore the corrected temperature, 4,, 8 given by! 
Gy a a(aasat) (442-4 & yt 


e+ edit hie IE. di etine 
(5.66 x 10°5) (0.80) (0.9738) (2.39 x 10%) 
$ 109 x a0® 
_ @ gegen ice 


or @, 2 S7o%s.. = gee" c, | 
B. Heat supplied to overcome air friction: 
Kobe © (4/2)4 (i+ 8/tot,) 
Since Ipoter * 2.586 x 107% gm on® 
© (1/2) (1.986 « 1078) (2.39 x 10) x 
(47 ®) (woov® ~ g900") / (2.17 x 204) 
# §.33 x 10*% eai/sec. 
This amount of neat sust be added to the roter 
by the sustaining Grive. A@euaing thet the energy thus 
udded to the roter were completely effective this would 


raise the voter's temperature only a fraction of & degree, 


ii, Sample Calewiation for average Dietanse Kacioucti ve 
Atows Bove: 


(1 $ percent change) (Mo. of counts at overlay thicke 


ness of 1.36 x 10°" anches) & No. of counte for re-= 
ferenve to Figure 3. 
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Gonsidering © 91x percent change in the oounting rate: 
@ (1,06) (63,060) # 66,800 counts 
in Vigure 3 tails corresponds te an overiay tilekneen of: 
1.26 x 2074 incnas 
the average movement te then (1.38 + 1.26) « 10~* inones 
3 1.2 x 10°59 anches & 3,1 2 109 oa, 
Aki. COnenge in Time bependenat Solution of Concentration 
ae A Result of Centrifugal Force wt 6,060 Agvolutions per 
GGT t | 
d(x) 3 87.2 % son w® # (6.1 2 30749) (6000 )*4 7 *s4an “gi 
tron} (6.3 x 10°MO}S fase F(a 72” 
© 87.2 “nent ¢ 6.64 2 107Fatn “ye 
i 8 Oa78S] 1/2 


. 5,26 x ign" 


‘The sumllest ~, 18 when » @ 1: 
<, 4 9.9% x 107 

‘SiO i 
%, (a) * 67.2 


5340 cov ~* $ 0.868 sin ~* 
i(sona)® $e. 7as 

@ $7.2 (cow ~,* $ 1.36 x 10" ain a”) 
When 3 G; 
gta) 2 87.2 cos %* 
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Thesis 33151 
C709 Connelly 
Effect of centrifugal fields 
on the self diffusion rate of 
silver. 
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